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Abstract. endemic
along with a wide spectrum of psychoneurologic development disorders including endemic mental deficiency, which 
are generally correlated with damage to the fetus. Since as much as 40% of the Tanzanian population is at risk for 
iodine deficiency disorders (IDD) because they live in iodine-deficient areas, and although the effects o f iodine 
deficiency on human reproduction in Tanzania have not been objectively studied, it is estimated that there are ap­
proximately 600,000 cretins and cretinoids in the country as a result of IDD. As a baseline study for future research 
on iodine deficiency and its effects on human reproduction in Tanzania, we assayed serum thyroxine (T4), triiodo­
thyronine (T3), thyrotropin (TSH), and free thyroxine (FT4) in 93 clinically euthyroid pregnant women and 34 
nonpregnant women as controls. Pregnancy was accompanied by significantly increased levels of total T3 and T4, 
decreased FT4, and increased TSH concentrations in serum. However, biochemical euthyroidism (assessed by FT4 
and basal TSH) was demonstrated in almost all (99%) of the pregnant subjects in conformity with most of the previous 
findings elsewhere. We conclude that pregnant Tanzanian women residing in areas without iodine deficiency experi­
ence changes in biochemical parameters of thyroid function similar to their counterparts in other places.
Pregnancy is accompanied by a complex alteration in the 
biochemical parameters of thyroid function.1,2 Placental hu­
man chorionic gonadotropin possesses thyroid stimulatory 
activity,3 both functionally and morphologically.2 Estrogens 
produced by the placenta lead to increased levels of thyrox­
ine binding globulin (TBG), thus greatly increasing the se­
rum thyroid hormone binding capacity4 and consequently the 
total concentrations of thyroid hormones in serum. The thy­
roid function, on the other hand, has multiple and significant 
influences on human reproduction. Hypofunction or hyper­
function of the thyroid during pregnancy is associated with 
increased risk of abortions and stillbirths,5,6 as well as motor 
and mental retardation in the offspring.7-9 Therefore, the 
study of thyroid function in normal pregnancy has great val­
ue in the formulation of strategies for health care.
Several cross-sectional as well as longitudinal studies 
have revealed unstable thyroid function during normal preg­
nancy with indicators of possible thyroid overactivity in ear­
ly pregnancy and relative hypofunction in later periods of 
pregnancy. Environmental iodine deficiency has been asso­
ciated with higher goiter prevalence during pregnancy10, N 
and greater incidence of reproductive failure.12,13 Iodized oil 
treatment for the correction of iodine deficiency lowered the 
incidence of perinatal and infant mortality rates in treated 
women14 and reduced the rate of congenital anomalies.15 The 
International Council for Control of Iodine Deficiency Dis­
orders aims to establish control programs for iodine defi­
ciency disorders (IDD) in third-world countries. The World 
Health Assembly has pledged elimination of IDD by the year 
2000.
In Tanzania, IDDs16 are responsible for 30% of perinatal 
mortality and about 600,000 cases of cretins and cretinoids.17 
However, the effects of IDD on human reproduction in this 
country have not been studied. This study aims at assessing 
thyroid function in normal nonpregnant and pregnant Tan­
zanian women residing in an area without iodine deficiency
as a baseline for future research on the effects of IDD on 
human reproduction in this country.
SU B JE C T S, MATERIALS, AND METHODS
The study group was composed of 93 clinically euthyroid, 
pregnant women attending the routine antenatal clinic at Mu­
himbili Medical Centre in Dar-es-Salaam, Tanzania between 
August and September 1992. Their ages ranged from 15 to 
49 years (mean 26.1), parity from 0 to 7 (mean 1.8), and 
gravidity from 1 to 9 (mean 3). Gestational age was calcu­
lated from the last normal menstrual period. Five women 
were in the first trimester of pregnancy, 25 in the second 
trimester, and 63 in the third trimester. Thirty-four clinically 
euthyroid, nonpregnant volunteers, 19-54 years of age 
(mean 33) from Dar-es-Salaam, Tanzania formed the control 
group. They were all apparently healthy with normal men­
strual cycles and no signs or symptoms of any nonthyroidal 
illness, and none had used oral contraceptive pills or any 
long-term drug therapy known to affect thyroid function. All 
subjects in the study group had been residents of Dar-es- 
Salaam for at least six months before enrollment in this 
study.
Ten milliliters o f venous blood was collected in a sterile 
bottle from each subject. Clotting was allowed to occur at 
room temperature. The samples were centrifuged at 3,000 X 
g, aliquoted into 2-ml samples, and subsequently stored and 
transported frozen at — 20°C. The samples were thawed on 
the day o f analysis (performed at the Department of Exper­
imental and Chemical Endocrinology of the St. Radboud 
University Hospital, Nijmegen, The Netherlands).
Triiodothyronine (T3) and thyroxine (T4) were assayed 
using commercial radioimmunoassay kits (Amersham Di­
agnostics, Buckinghamshire, England). For each assay, the 
intra-assay coefficient of variation (CV) was less than 5%. 
The interassay CVs were 4.9%, 4.9%, and 2.7% at T4 levels 
o f 58.0, 100.0, and 144.0 nmol/L, respectively. The mean ±
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T a b l e  1
Mean (± S D )  serum levels o f  T4, T3, FT4%, FT4, and TSH in non­
pregnant and pregnant Tanzanian w om en from the Dar-es-Salaam  
area*
80
H' Scrum levels of these hormones during pregnancy were significantly different 
those in nonpregnant women (P <  0*05). T4 -  thyroxine; T3 =* triiodothyronine; 
*  % of IVec T4; FF4 « free T4; TSH -  thyrotropin.
from
FT4%
SD T4 level assessed in nonpregnant Dutch women was 97 
± 14.8 nmol/L. For T3, interassay CVs were 3.7% at 0.96 
nmol/L, 5.0% at 1.5 nmol/L, and 4.5% at 2.65 nmol/L. The
mean ±  SD T3 value in Dutch female controls was 1.69 ±  
0.31 nmol/L. The percent free T4 (FT4%) was determined 
by a method previously described18 (SPAC FT4% kit; Byk- 
Sangtec Diagnostica, Dietzenbach, Germany). The mean ± 
SD FT4 in Dutch controls was 13.6 ± 1.47 pmol/L. Thy­
rotropin (TSH) was assayed using a commercial immuno- 
fluorometric assay (DELFIA kit; Wallac Oy, Turku, Finland) 
standardized against a World Health Organization Interna 
tional Reference Preparation (2nd IRP, 80/558, mean 
[Dutch women] = 1.71
SD
0.681 mU/L). The interassay CVs
were 9.1% (at a TSH level o f 0.25 mU/L), 4.0% (at 1.2 mU/ 
L), 5.0% (at 3.3 mU/L), and 9.6% (at 10.8 mU/L). The de­
tection limit was 0.02 raU/L. The data were analyzed using 
the SOLO statistical package (J. L. Hintze, Kaysville, UT). 
Group means were compared by unpaired Student’s /-tests.
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F igure 2. Percentage frequency distribution of serum triiodoth­
yronine (T3) values in pregnant and nonpregnant Tanzanian subjects.
nmol/L and 1.86 nmol/L, respectively). Pregnant subjects 
had significantly lower free fractions of T4, with a mean of 
0.0064% compared with a mean value in nonpregnant wom­
en of 0.0117% (P <  0.0001). The mean concentration of 
free T4 was slightly, but significantly (P <  0.05) lower in 
pregnant subjects (10.42 pmol/L) than in nonpregnant wom­
en (11.37 pmol/L). Pregnancy was accompanied by signifi­
cantly higher TSH values with mean values of 1.99 mU/L 
versus mean levels of 1.36 mU/L in nonpregnant women (P 
<  0.005; Table 1 and Figure 4).
One subject with an FT4 of 17.5 pmol/L (above the upper 
limit of the nonpregnant range), a decreased TSH level of 
0.13 mU/L, and two miscarriages preceding this pregnancy 
probably had subclinical hyperthyroidism.
RESULTS
The mean ± SD levels of T4, T3, FT4, FT4% and TSH 
in nonpregnant and pregnant Tanzanian women from an area 
without iodine deficiency are shown in Table 1. The per­
centage frequency distributions of these parameters are 
shown in Figures 1-4. Total T4 (163.3 nmol/L) and T3 (3.1 
nmol/L) levels in serum during pregnancy were significantly 
(P <  0.0001) higher than in nonpregnant controls (100.6
sen ss
The mean levels of thyroid hormones in the Tanzanian
nonpregnant women were not statistically from
their Dutch counterparts. For many years, it has been rec­
ognized that pregnancy is associated with increased levels 
of total T4 and T3 in serum that is attributable to an increase 
in the plasma concentration of TBG.|() *' In the present study,
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F ig u r i ;  1. Percentage frequency distribution o f  serum thyroxine 
(T4) values in pregnant and nonpregnant Tanzanian subjects.
Fkhirh 3 í Percentage frequency distribution o f  serum free thy­
roxine (T4) values in pregnant and nonpregnant Tanzanian subjects.
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(mostly tropical) countries today are protein-energy malnu­
trition, xerophthalmia, nutritional anemias, and iodine-defi- 
ciency disorders,29 with 75% of all people with endemic 
goiter living in those countries30 Endemic goiter prevalence 
rates as high as 50-80% have been recorded in many areas 
in Tanzania.17 The reproductive consequences of IDD in Tan­
zania need to be studied, the strategy for intervention 
planned, and the beneficial effects of such an intervention 
assessed objectively. We plan future research on the effects 
of IDD on human reproduction in Tanzania, and these find­
ings form a basis upon which thyroid function in pregnant 
women from iodine-deficient areas in Tanzania can be eval­
uated.
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TSH mU/L
F ig u r e  4. Percentage frequency distribution of serum thyrotropin 
(TSH) values in pregnant and nonpregnant Tanzanian subjects.
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the mean values of T3 and T4 during pregnancy were about 
1.5-2 times higher than in healthy nonpregnant women. 
Whitworth and others20 found levels of T4 above the refer­
ence range in 90% of the pregnant subjects studied. Glinoer 
and others2 found 50% of their subjects in the third trimester 
with T4 levels above the nonpregnant reference range.
Only five of the pregnant women in this study were in the 
first trimester of pregnancy, which does not allow for sound 
statistical analysis. However, the mean TSH level during the 
first trimester of pregnancy (0.79 mU/L) appeared to be low­
er than the mean level in nonpregnant controls. A similar 
first trimester low level of TSH has been found in other 
studies21'22 and was recently shown to coincide with a weak 
increase in serum human chorionic gonadotropin,2 the latter 
of which is known to possess thyrostimulatory activity.23-25 
The suppressed serum levels of TSH in pregnant subjects in 
the first trimester are interpreted as showing some degree of 
thyroid hyperactivity in early pregnancy, but is not regarded 
as thyrotoxicosis needing antithyroid treatment.2
In the present study, 99% of the subjects had free T4 
levels within the reference nonpregnant range as found in 
other studies.27,2H Studies elsewhere, both in iodine-suffi­
cient2' and marginally deficient2 environments, have shown 
a decrease in FT4 and FT3 accompanied by an increase in 
TSH and a decrease in the T4:TBG ratio2 in the second half 
of gestation. The combination of these findings suggest a 
primary decrease in thyroid secretion during this period of 
pregnancy. The consequence of this on human fetal outcome 
has not been studied. However, animal studies5 suggest that 
when maternal hypothyroidism occurs in the last half of ges­
tation, it is not detrimental to the fetus because the latter’s 
thyroid hormone requirements are met by its own thyroid 
gland, which is by then functional. Biochemical evidence of 
relative thyroid hypofunction during gestation is shown in 
this study by significantly higher TSH levels associated with 
lower FT4 levels in pregnant women compared with non­
pregnant controls.
We conclude from this study that the alterations in serum 
thyroid hormones in pregnant Tanzanian subjects residing in 
an iodine-sufficient environment are similar to those found 
in other studies done in areas not affected by IDD- The four 
most important deficiency diseases in preindustrialized
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